Abstract-A prototype of Loongson IoT (Internet of Things) ZigBee gateway is already designed and implemented. However, this prototype is not perfect enough because of the lack of a number of functions. And a lot of things should be done to improve this prototype, such as adding widely used IEEE 802.11 function, using a fully open source ZigBee protocol stack to get rid of proprietary implement or using a fully open source embedded operating system to support 6LoWPAN, and implementing multiple interfaces.
INTRODUCTION
There are some kind of Loongson CPU modules have been developed. And a prototype of Loongson IoT (Internet of Things) ZigBee gateway has been designed and implemented by ZHANG Yisu from University of Chinese Academy of Sciences, and Shenyang Institute of Computing Technology of Chinese Academy of Sciences, with other people also from Shenyang Institute of Computing Technology of Chinese Academy of Sciences [1] . But the prototype is not perfect enough because of the lack of a number of functions.
To improve the prototype, a lot of things should be done, such as adding widely used IEEE 802.11 function (by using USB or SPI wireless NIC, or replacing Loongson 1B with Loongson 1A and using PCI wireless NIC), replacing Zstack with a fully open source ZigBee protocol stack ZBOSS to get rid of proprietary implement or using a fully open source embedded operating system Contiki to support 6LoWPAN, and implementing multiple interfaces such as Bluetooth, Infrared, and so forth.
The rest of this paper is organized as follows: 
LOONGSON

Loongson 3
Loongson 3 (Large CPU series) is designed for servers and high performance computing applications [3] .
Loongson 2
Loongson 2 (Medium CPU series) is designed for high-end embedded and computer class applications [3] .
Loongson 1
Loongson 1 (Small CPU series) is designed for consumer electronics and embedded applications [3] . Loongson 1 can be supported by Linux, VxWorks, RT-Thread, and other operating systems [4] , [5] , [6] . 
Hardware structure
The hardware structure of the prototype is shown in the Figure 1 . TI CC2530 connects to Loongson 1B using UART interface, and Loongson 1B communicates to PC through Ethernet with Ethernet adapter, and TI CC2530 communicates to ZigBee nodes through ZigBee 2.4 GHz channel with RF antenna [1] .
Software structure
The software structure of the prototype is shown in the The software of the prototype is based on embedded Linux operating system and Zstack protocol stack [1] .
ANALYSIS
The prototype of Loongson IoT ZigBee Gateway already has the basic function of IoT Gateway, but it still has a lot of things that can be improved:
IEEE 802.11
IEEE 802.11 (also called Wi-Fi) is widely used. And as an IoT Gateway, IEEE 802.11 should be one of the basic functions. But the prototype lacks it.
Because of Loongson 1B lacking PCI interface [3] , Loongson 1B just can use USB wireless NIC to support high speed IEEE 802.11 network up to 480 Mbps and use SPI low energy wireless NIC to support low speed IEEE 802.11 network up to 30 Mbps.
To support IEEE 802.11 network upper than 480 Mbps, the gateway should use Loongson 1A instead of Loongson 1B to use PCI wireless NIC [3] . When the PCI interface of Loongson 1A running in 32-bit at 33 MHz, the speed up to 1064 Mbps, and when the PCI interface of Loongson 1A running in 32-bit at 66 MHz, the speed up to 2128 Mbps.
Fully open source ZigBee protocol stack
The prototype is using Zstack as its protocol stack, but Zstack is not fully open source, the implement of MAC layer and network layer is provided as precompiled library files [8] .
To get rid of proprietary implement of MAC layer and network layer, ZBOSS (ZigBee Open Source Stack) v1.0 is a nice choice. ZBOSS v1.0 is fully open source [9] and it supports TI CC253x series chips.
6LoWPAN and Fully open source embedded OS
6LoWPAN, IPv6 networking over low rate personal area networks, will be the future of IoT, because of the address space exhaustion of IPv4 [10] . Contiki, a fully open source embedded operating system using uIP TCP/IP (v4 and v6) stack and Rime stack supports 6LoWPAN [11] , [12] . TI CC2530 can use Contiki to support 6LoWPAN [12] .
Multiple interfaces
A lot of IoT devices are using specific network communication standards, such as IEEE 802.11, ZigBee, Bluetooth, Infrared, and so forth. To solve this problem, the Loongson IoT gateway should support multiple interfaces [13] . Because of Loongson 1B having 12 UART interfaces and 4 PWM interfaces [14] , it can connect with lots of UART and PWM chips, such as a UART ZigBee chip, a UART Bluetooth chip, a PWM Infrared chip, and so forth.
The multiple interfaces structure of the Loongson 1B IoT gateway is shown in the Figure 3 . [14] , it can also connect with lots of UART and PWM chips.
The multiple interfaces structure of the Loongson 1A IoT gateway is shown in the Figure 4 . 
CONCLUSIONS
Although the prototype of Loongson IoT ZigBee Gateway already has the basic function of IoT Gateway, it lacks a number of functions, and a lot of things still can be done to improve it, such as adding widely used IEEE 802.11 function (by using USB or SPI wireless NIC, or replacing Loongson 1B with Loongson 1A and using PCI wireless NIC), replacing Zstack with a fully open source ZigBee protocol stack ZBOSS to get rid of proprietary implement or using a fully open source embedded operating system Contiki to support 6LoWPAN, and implementing multiple interfaces such as Bluetooth, Infrared, and so forth.
